Background: Combination antiretroviral therapy has allowed youth with perinatal HIV infection (PHIV+) to live into adulthood, but many youth may experience metabolic and body composition changes that predispose to greater cardiovascular disease (CVD) risk. This longitudinal study evaluated changes in body composition measured by dual-energy radiograph absorptiometry (DXA) in a cohort of PHIV+ youth compared with HIV− controls over a 7-year period. Methods: PHIV+ youth and HIV− controls were prospectively enrolled in a single-site study to assess nutrition and CVD risk. Anthropometrics and DXA scans were longitudinally obtained to assess percent body fat and regional fat distribution. Using general linear models, we analyzed differences in body composition and anthropometric measures by sex between PHIV+ youth and controls over time. Results: Two hundred thirty-five participants (156 PHIV+ and 79 HIV− controls) with at least 1 DXA performed since study enrollment were included for analysis. During the study period, 471 DXAs were obtained in the PHIV+ group and 95 in HIV− controls. PHIV+ females demonstrated greater increase in weight and body mass index over time compared with HIV− females, and significant increases in total percent body fat [estimate = 1.212 (95% confidence interval: 0.837-1.587) percent per year; P < 0.001) and percent trunk fat [1.3818 (95% confidence interval: 0.922-1.84); P < 0.001] compared with HIV− females and PHIV+ males.
C ombination antiretroviral therapy (cART) has transformed HIV infection from a fatal to a chronic condition. As youth with perinatal HIV infection (PHIV+) youth live longer, they can experience metabolic abnormalities, including insulin resistance, lipid abnormalities and body composition changes that may be attributed to prolonged exposure to antiretroviral medications, as well as HIV itself. [1] [2] [3] These metabolic abnormalities may, in turn, lead to increased cardiovascular disease (CVD) risk. Both peripheral fat wasting, or lipoatrophy, and central fat accumulation, or lipohypertrophy, have been described in PHIV+ youth, primarily associated with the use of specific antiretroviral medications. 4, 5 Studies in HIV-infected adults have shown an increase not only in CVD risk but also in adverse cardiovascular outcomes such as myocardial infarction and stroke, that may be attributed both to HIV infection and traditional risk factors such as obesity, smoking and genetic factors. 6 PHIV+ youth may be especially vulnerable, given their exposure to the virus since birth or in utero, and prolonged exposure to cART. The Bogalusa Heart Study and others have described the association between childhood measures of central adiposity and other CVD risk factors, including hypertension, dyslipidemia and insulin sensitivity with adverse CVD outcomes later in life. [7] [8] [9] [10] [11] [12] Thus, it is important to track childhood body composition changes over time to help determine eventual CVD risk. The use of dual-energy radiograph absorptiometry (DXA) to quantify body fat distribution in HIV+ individuals has emerged as an important tool to measure trunk fat, limb fat and total body fat and can therefore characterize peripheral and central fat accumulation. [13] [14] [15] Several cross-sectional and limited longitudinal studies have evaluated body composition by DXA in PHIV+ youth. 3, 13, 16 Studies following the trajectory of body composition changes in PHIV+ youth over long periods of time are lacking; however, an understanding of longitudinal changes is especially important as these youth progress through multiple cART regimens and puberty.
In this prospective, longitudinal study, we evaluated changes in body composition as measured by DXA in a large cohort of PHIV+ youth compared with HIV− controls over a 7-year period.
MATERIALS AND METHODS

Study Population and Inclusion Criteria
HIV+ children and adolescents followed in the Pediatric Special Immunology Program at the University of Miami Miller School of Medicine, as well as HIV-uninfected subjects (HIV−), were enrolled since August 2004 in a National Institutes of Health-sponsored (National Institute of Diabetes and Digestive and Kidney Diseases# P01DK45734; National Heart, Lung, and Blood Institute# 1R01HL095127-01) longitudinal cohort study to evaluate CVD risk in PHIV+ youth. HIV infection was confirmed by repeated positive serum enzyme-linked immunosorbent assays and Western blot assays, repeated positive HIV RNA or DNA polymerase chain reaction assays or HIV culture. The HIV− control subjects were a convenience group identified from the family members of the HIV+ cohort or from an urban general pediatrics outpatient program at the University of Miami that cares for youth of similar socioeconomic backgrounds. Control group participants had completed the screening process for perinatal HIV acquisition and were determined to be uninfected. Because we were enrolling these control participants as a convenience sample of individuals with a family or social connection to our HIV-infected participants, we did not match for age, sex or race. HIV− subjects were excluded from enrollment if they had any other chronic illnesses or an acute infectious process.
The Human Subjects Research Office at the University of Miami approved the research protocol (protocol number 20030814), and written informed consent from the parent or guardian and assent from the patient (when appropriate) were obtained.
Data Collection
For this analysis, we included data from 235 study participants (156 PHIV+ and 79 HIV− controls) who had at least 1 DXA performed since study enrollment. The longitudinal study began enrolling participants in August 2004. DXA studies for evaluation of bone mineral density and body composition were added in 2005, and since then annual DXA visits have been targeted as a part of clinical care.
Sociodemographic data, anthropometric measurements and detailed history relating to HIV disease, antiretroviral medications and dietary intake/nutritional interventions were collected in the PHIV+ cohort. Clinical data for PHIV+ participants including disease stage, 17 antiretroviral use at the time of the clinical visit, CD4+ T lymphocyte frequency (CD4%) and HIV RNA polymerase chain reaction (viral load) were measured as part of routine clinical care, typically every 3-6 months, and were recorded by study staff (D.N., J.K.V.). Height (recorded to the nearest 0.1 cm) and weight (recorded to the nearest 0.1 kg) were measured by study staff trained in applying standardized anthropometric methods. 18 Body mass index (BMI) was calculated as weight (kg)/height 2 (m). 19 Waist and hip circumferences (cm) were measured with a nonstretchable plastic tape measure according to standard methods. Waist-to-hip ratio (WHR) was calculated as the waist circumference (cm) divided by the hip circumference (cm). 20 Tanner staging was assessed as part of the clinical care visit by clinicians who routinely evaluate growth and development in our population. Tanner stage was determined by inspection of breasts and pubic hair for females and of genitalia and pubic hair for males and was documented as part of the physical examination for each patient until Tanner stage 5 was reached. In our sample, documentation of Tanner stage was not consistently available for each clinical visit. For the purpose of analysis, therefore, we included Tanner stage within 3 broader categories: Tanner 1, Tanner 2-4 and Tanner 5 to characterize patients as prepubertal (Tanner 1), experiencing puberty (Tanner 2-4) or fully mature (Tanner 5).
DXA Measurements
Total and regional body DXA scans were performed on a Lunar (General Electric Health Care, Boston, MA) scanner, and all scans were analyzed using Lunar GE enCORE 2006 v10.50.086 (General Electric Health Care, Boston, MA) software. DXA measurements included total body mass (kg), fat mass (kg) and lean mass (kg). The body was divided into regions to measure extremity fat (kg) and trunk fat (kg). The trunk was segmented by placing regions of interest between the bottom of the chin and the top of the shoulders, through the glenohumeral joint to separate the arms, and at the acetabulofemoral joint line to separate the legs.
Percent body fat was calculated by dividing total body fat (kg) by total body mass (kg) and multiplying by 100. Regional percentage fat measurements were calculated as the amount of fat in the region (kg) divided by total body fat (kg) and then multiplying by 100. These regional measurements included percentage extremity fat and percentage trunk fat. Trunk-to-extremity (TE) fat ratio was calculated as trunk fat (kg) divided by extremity fat (kg). Similarly, trunk-to-total fat ratios and extremity-to-total fat ratio were calculated by the trunk or extremity fat (kg) divided by total fat (kg).
Statistical Analysis
The sample size of 79 HIV− controls and 156 PHIV+ children (smallest group sizes for baseline comparisons of anthropometric measures) yielded 80% power to detect a moderate effect size of 0.39, using a 2-tailed t test at the 0.05 α level. Demographic characteristics of the study cohort, including mean age, sex and race distribution, were reported. t Tests and χ 2 (exact test when appropriate) were used to test for significant differences between the PHIV+ and HIV− groups. We used a general linear model to compare differences in the following baseline outcomes between the 2 groups while adjusting for age, sex, race and Tanner stage: weight, height, BMI, WHR, DXA body composition measures [percent total fat, percent extremity fat, percent trunk fat, TE fat ratio, extremity-to-total fat ratio and trunk-to-total fat ratio]. After initial univariable analysis, we used a general linear mixed model to explore the trajectories of the outcome variables over time (age). The model included fixed effects for group, sex, the interaction of sex and group and age nested within the group × sex interaction. The nested age effect yielded separate estimates of intercept and slope for each group × sex combination. Based on differences noted between HIV+ participants and HIV− controls at baseline, categorical covariates for race and Tanner stage were included to adjust the regression parameters of possible confounding effects. The random effect was the intercept with subjects as individuals nested within the group × sex interaction to account for the multiple measures within a person. A variance component covariance matrix was chosen to represent the correlated data structure because it gave the smallest Akaike Information Criterion fit statistic. SAS 9.3 (SAS Institute Inc, Cary, NC) was used for all analyses. The 2-tailed 0.05 α level is used to determine statistical significance.
RESULTS
A total of 235 children, 156 PHIV+ and 79 HIV− controls, were included in our analysis. Between July 2005 and July 2012, 471 DXAs were obtained in the PHIV+ group and 95 DXAs were obtained in the control group. The median number of DXAs per patient was 3.0 (range, 1-7 DXAs) over a median of 2.6 years (range, 0-6.6 years) for the PHIV+ group, and 1.0 DXAs (range, 1-3 DXAs) over a median of 0.2 years (range, 0-3 years) for the HIV− participants. Demographic characteristics of the study participants at baseline by HIV status are shown in Table 1 . The analysis assumptions for the t test of age were met as were the assumptions for the χ 2 test of sex, ethnicity and Tanner stage; however, we used an exact Pearson χ 2 test for race because 33% of the cells in the test for race had expected values less than 5. We found no significant differences in age (P = 0.161) or ethnicity (P = 0.065) between the 2 groups; however, the PHIV+ group included significantly more individuals of black race (includes African-American participants and black Hispanic participants; P = 0.004) and females (P = 0.021) and a more advanced Tanner stage (P = 0.009) compared with HIV− participants. Most study participants in both the PHIV+ and control groups were in their early teens at the time of enrollment, and the majority of PHIV+ participants were receiving cART. Baseline anthropometric characteristics and body composition measures of the study participants by HIV status are shown in Table ( Supplemental Digital Content 1, http://links.lww.com/INF/D21). PHIV+ youth had significantly lower weight and BMI at baseline compared with HIV− youth. Total percent body fat was also lower in PHIV+ individuals compared with controls at baseline. However, the trunk-to-total fat ratio was higher in PHIV+ compared with controls and the extremity-to-total fat ratio was lower, indicating that PHIV+ individuals had more peripheral fat wasting rather than globally lower percent body fat at baseline. 
Change in Anthropometry and Body Composition by DXA Over Time
DISCUSSION
This study highlights changes in body composition by DXA in a cohort of PHIV+ and HIV− youth over a 7-year period. We noted remarkable differences over time among PHIV+ females in our cohort. Overall, PHIV+ females demonstrated greater weight gain and increase in BMI over time compared with HIV− controls, as well as significantly greater increases in total percent body fat and trunk fat than PHIV+ males and HIV− controls.
Whereas PHIV+ males demonstrated a trajectory of growth and body composition that is comparable to HIV− controls, longitudinal evaluation of PHIV+ females during our study period revealed an alternate trajectory with significant gains in percent trunk fat, total percent body fat, weight and BMI over time that exceeds values in PHIV+ and HIV− males, as well as HIV− female controls. These findings indicate that PHIV+ females demonstrate not only fat redistribution but also a global increase in body fat over time. Increasing weight and BMI over time suggests that the increase in total percent body fat among PHIV+ females can be in part explained by generalized weight gain. However, there is a preferential increase in trunk fat (compared with the extremities) in PHIV+ females, suggesting a rise in CVD risk over time.
Previous studies have also noted body composition differences in PHIV+ versus HIV− youth based on sex. 3 In a crosssectional analysis, Jacobson et al 3 reported that PHIV+ males, as well as uninfected males from the National Health and Nutrition Examination Survey (NHANES) overall, have lower total percent body fat compared with females. However, longitudinal studies in the pediatric PHIV+ population characterizing sex-specific differences in the trajectory of body composition changes and CVD risk have been lacking to date. Our findings are concerning in light of studies in the adult population describing significant increases in CVD risk over time among HIV+ women compared with HIV− women, even after adjusting for other CVD risk factors including hypertension, smoking, obesity, diabetes and lipid profiles. 21 Other studies that have included both adult men and women have shown a more significant increase in relative risk of CVD among HIV+ women than in HIV+ men when compared with their respective HIV− controls, possibly because of alterations in inflammatory markers in women. [22] [23] [24] The impact of cART on improving growth in PHIV+ children has been well-described, [25] [26] [27] but PHIV+ youth overall continue to have less extremity fat, trunk fat and percent total body fat by DXA than its HIV− counterpart. 3, 13, 16 Although in our study PHIV+ youth overall demonstrate borderline lower trunk fat at baseline, the ratios of TE fat and trunk-to-total fat are significantly higher in PHIV+ compared with HIV− youth suggesting a greater likelihood of truncal adiposity in the PHIV+ group. Height, weight and BMI are also reported to be lower among PHIV+ youth compared with uninfected youth. 28 We similarly found that our PHIV+ youth overall have lower height, weight and BMI and percent extremity fat at baseline than uninfected youth.
Within the general population, increased calorie intake, decreased physical activity and stress or anxiety, including concerns about food insecurity, are known risk factors for overweight and obesity. 29, 30 Adolescent females, in particular, experience psychosocial challenges and mental health issues that may also predispose them to become overweight. In addition, the prevalence of obesity is markedly higher among non-Hispanic black adults, with studies showing similar racial distribution among adolescents. 31 Each of these factors, along with the potential influence of cART and HIV infection itself, likely contributes to the pattern we see within our cohort of PHIV+ females. Earlier work by our group has shown that PHIV+ youth consume more total energy than the suggested estimated energy requirements, including a higher percentage of energy from carbohydrates, after a similar pattern as has been described in otherwise healthy pediatric populations. 32 In particular, we found that PHIV+ females have increased consumption of carbohydrates and added sugars at levels that are significantly higher than PHIV+ males. Dietary intake data from NHANES III have previously demonstrated that overall energy consumption in children has not changed significantly when compared with data from NHANES I and NHANES II, but that energy intake among adolescent females has increased considerably. 33 In all groups, the proportion of caloric intake from fats has declined over time while the proportion of calories from carbohydrates, particularly sweetened beverages, has increased. Given the observations from NHANES, in combination with emerging data regarding the potential impact of high carbohydrate diets on CVD risk, 34, 35 and the secular trend of a general increase energy intake by adolescent females over time, the data from our study illustrate a concerning phenomenon among PHIV+ adolescent females.
Although physical activity is considered an important modifier of CVD risk, PHIV+ adolescents may exhibit diminished exercise capacity evidenced by reduced peak oxygen consumption, decreased flexibility and lower extremity strength-to-weight ratios. 36 This observation further complicates the ability to address the body composition changes we are observing in PHIV+ females. While these young women remain healthy from the perspective of their HIV infection, the heightened risk of obesity and premature CVD in this population will require the development of targeted interventions that take into account the many complex metabolic, dietary and activity-associated factors that likely drive the alarming body composition trends we have identified. Furthermore, as suggested in adult studies, greater immune activation in HIV+ women, depression and decreased estrogen states such as may be seen with substance abuse in younger women, may all further contribute to CVD risk. 37, 38 The strengths of our study include its longitudinal design of 7 years duration, large sample size compared with prior studies and consistent study personnel over the length of the study reducing interobserver variability in study measures. Our study did have some limitations in that we had fewer longitudinal observations for the HIV− control population. This increased the standard errors for controls and lowered statistical power. In spite of this limitation, we were still able to detect significant differences between the groups. We did not include details of the antiretroviral medications that our PHIV+ cohort received during the study period, given the tremendous variability of antiretroviral combinations and difficulty in accounting for medication changes at different intervals. While some previous studies have characterized the impact of individual antiretroviral medications, particularly stavudine, on body composition changes in PHIV+ children, 3, 13 the interpretation of the effect of stavudine alone on body composition changes is difficult; nearly 100% of our population has received this medication previously yet body composition changes vary greatly among PHIV+ individuals. Future studies should be directed toward longitudinally assessing body composition changes in the context of other clinical CVD risk parameters in PHIV+ youth, including laboratory measures.
In conclusion, the findings from this large, longitudinal study of body composition changes measured by DXA among PHIV+ and HIV− children over time demonstrate a striking difference in body fat accrual between PHIV+ adolescent females compared with other youth. These findings are critically important in informing our approach not only to disease-specific management in this population but also to nutritional management and overall interventions aimed toward reducing CVD risk, particularly as these youth continue to age and transition to adult care settings.
